Introduction
============

According to Tahmasebi et al.[@B1], total knee arthroplasty (TKA) can cause a lot of hematologic and hemodynamic burden on the human body due to intraoperative blood loss of about 265 mL and postoperative blood loss of 554 mL, reduction of hemoglobin (Hb) level by 2.53 g/dL, and transfusion of 0.43 unit of packed red blood cells in addition to several postoperative complications[@B2][@B3][@B4][@B5][@B6].

In the study of Frisch et al.[@B7], the incidence of deep infection after TKA was higher in the transfused group than the group without transfusion (2.4% vs. 0.5%); therefore, they suggested the surgeon be concerned about hemodynamic changes[@B7][@B8]. Revision of infected TKA involves extensive soft tissue resection and bone cutting, resulting in more severe blood loss during and after surgery than primary TKA[@B9][@B10]. Accordingly, the risk of complications also increases after revision TKA.

Prasad et al.[@B2] described the transfusion rate of revision TKA and primary TKA as 19.1% and 14.8%, respectively, indicating the rate was relatively higher in the revision of infected TKA. They also reported that the transfusion rate in primary TKA was associated with increased risk of postoperative mortality and deep infection. Therefore, it was considered that the revision group would more likely to have higher prevalence of complications.

Studies on the comparison of serological findings after TKA and revision of infected TKA have been rare. In this study, we analyzed the laboratory findings and compared the differences in hemodynamic and hematologic changes between the primary TKA group and revision of infected TKA group. The objective of this study was to identify preoperative cautions for revision of infected TKA by understanding the differences in hematologic and hemodynamic changes between the two groups.

Materials and Methods
=====================

Of the 45 patients who underwent revision due to infection after TKA at our hospital between January, 2010 and July, 2012, 40 patients who had no recurrence of infection and were available for more than 1-year follow-up were included in the test group. Of the 273 patients who underwent primary TKA, 40 patients who were available for more than 1-year follow-up were included in the control group. Exclusion criteria were simultaneous bilateral TKA, Hb level of \<10 g/dL, blood coagulation-related disorders, morbid obesity (body mass index \[BMI\], ≥30 kg/m^2^), and infection ([Table 1](#T1){ref-type="table"}). In both groups, the total cases were females. Primary TKA patients in the control group were selected to be matched for age, BMI, and presence of diabetes with the patients who underwent revision of infected TKA.

The mean follow-up period was 27 months (range, 15 to 119 months) in patients with revision of infected TKA (revision group) and 17 months (range, 13 to 25 months) in patients with primary TKA (TKA group). The mean age was 67.1 years (range, 53 to 81 years) in the revision group and 69.9 years (range, 61 to 80 years) in the TKA group.

As for surgical procedures, after a median skin incision, a medial parapatellar approach was used on the articular capsule along the medial region of knee to expose the medial and lateral sides of the femoral condyles and tibial plateau. Then, soft tissue removal was conducted including medial soft tissue release. Meniscus and anterior cruciate ligament removal was followed by osteotomy on the proximal tibia and distal femur. Blood loss was minimized with thorough cauterization throughout the procedure, and care was taken not to cause excessive manipulation of soft tissues. No patellar resurfacing was performed in the entire cases, but patellar margin cauterization was conducted.

Revision of infected TKA was performed when there was no finding of clinical inflammation at 6--8 weeks after primary TKA and when the white blood cell (WBC) count was less than 5 on the high magnification view in a frozen section test performed using a tissue sample removed at the operating room. For intraoperative finding of severe bone defects, metal blocks or bone grafts were used. For severe medial and lateral instability, constrained implants were utilized. An extension stem was used when constrained implants were used and stability of the substitute was considered necessary. The extension stem was anchored with cement during a cement-retained procedure.

Intramedullary bone plug was inserted to reduce bleeding in both groups, and the suction drainage tube was removed 48 hours after surgery. Antibiotics were prescribed for five days. In the revision group, methicillin-resistance *Staphylococcus aureus* (MRSA) was identified in 4 patients and the antibiotics were used for 7 days ([Table 2](#T2){ref-type="table"}). From the 2nd postoperative day, low molecular weight heparin was administered to prevent deep vein thrombosis. From the 3rd postoperative day, early ambulation and continuous passive motion exercises were implemented. From the 5th postoperative day, ambulation exercises and passive exercise therapy were performed. In both groups, the following data were evaluated: changes in systolic and diastolic blood pressure, Hb variation, postoperative blood loss, incidence and amount of blood transfusion, WBC count, albumin level, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and aspartate aminotransferase/alanine aminotransferase (AST/ALT). Blood transfusion was performed when the postoperative Hb level was ≤9 g/dL and when it was reduced by ≥20% compared to the preoperative Hb level[@B11]. Statistical analysis was performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). For determination of statistical significance, a cross-analysis, correlation analysis, independent *t*-test, and repeated measures analysis of variance (especially all figures) were used.

Results
=======

The Hb count was reduced on average by 1.1 (range, 0 to 2.9 g/dL) in the TKA group and by 2.4 (range, 0.8 to 3.8 g/dL) in the revision group; the value was statistically significantly higher in the revision group. The Hb count returned to normal range at one week after surgery in both groups ([Fig. 1](#F1){ref-type="fig"}).

As for the transfusion rate, a total of 5 subjects in the TKA group and a total of 8 subjects in the revision group received blood transfusion (12% vs. 20%), showing statistically significant intergroup difference. The average amount of blood transfusion received was 0.5 (range, 0 to 2 pack) pack in the TKA group and 1.7 (range, 0 to 2 pack) packs in the revision group ([Table 3](#T3){ref-type="table"}).

Because it was not possible to compare the amount of blood loss during surgery, the amount of blood loss after surgery was compared instead. The relationship between the operation time and the amount of blood loss in use of hemovac was also assessed. The mean operation time was 58 minutes in the TKA group and 102 minutes in the revision group. The mean postoperative blood loss was 561 mL in the TKA group and 817 mL in the revision group. Therefore, the operation time and postoperative blood loss presented a statistically significant positive correlation ([Table 4](#T4){ref-type="table"}).

The CRP level was assessed on the 3rd postoperative day and at each week from week 1 to week 6 after surgery. The highest CRP level was observed on the 3rd postoperative day in both groups: 9.1 mg/dL in the TKA group and 11.2 mg/dL in the revision group. The level was normalized in the 2nd postoperative week, but it showed a tendency of being higher in the revision group, presenting a statistically significant intergroup difference ([Fig. 2A](#F2){ref-type="fig"}). With regard to the ESR, the value was highest in the 2nd postoperative week in both groups, but was normalized in the 6th postoperative week. On average, the value was higher in the revision group, but there were no statistically significant difference ([Fig. 2B](#F2){ref-type="fig"}).

With regard to the WBC count, the value was highest on the 3rd postoperative day in both groups: 12,500/µL in the TKA group and 14,800/µL in the revision group. The value was normalized in the 2nd postoperative week in both groups and there was no statistically significant intergroup difference ([Fig. 3A](#F3){ref-type="fig"}). The albumin level was lowest on the 3rd postoperative day but was normalized in 1 week after surgery in both groups, and there was no statistically significant difference ([Fig. 3B](#F3){ref-type="fig"}).

The postoperative systolic blood pressure slightly decreased immediately after surgery but was normalized in 12 hours after surgery in both groups ([Fig. 4](#F4){ref-type="fig"}). The intraoperative variation and variation on the day of operation showed a positive input of body fluid causing a difference of about 200 mL in the revision group, but there was no statistically significant difference ([Table 5](#T5){ref-type="table"}).

In the revision group, the level of AST/ALT was elevated after preoperative intravenous infusion of antibiotics for about 5 weeks. Hepatotonics were administered to normalize the level and the surgery was performed after normalization. Elevation of the value was observed in 7 cases when antibiotics were used for over 7 days after surgery, and Hepatotonics were administered. There was no incidence of complications such as hepatic failure ([Fig. 5](#F5){ref-type="fig"}).

Discussion
==========

This study compared hemodynamic and hematologic changes between the TKA group and the revision group, and demonstrated significant differences between the two groups.

Tahmasebi et al.[@B1] and Aguilera et al.[@B9] reported that TKA causes a lot of changes to human body in terms of hematology and hemodynamics due to blood loss and the resulting reduction of Hb level and blood transfusion, which accordingly loads physical burden.

Prasad et al.[@B2] reported that the transfusion rate was higher with 19.1% in the revision group than 14.8% in the TKA group. Frisch et al.[@B7] and Hart et al.[@B8] reported that the high transfusion rate was associated with increased postoperative mortality and high risk of postoperative deep infection. In our study, the transfusion rate was higher in the revision group (20%) than the TKA group (12%); however, this finding should be confirmed in further studies because patients with infection were excluded from the analysis of transfusion rate.

Prasad et al.[@B2] reported that differences in hemodynamic and hematologic changes in the revision group could result from prolonged operation time, extensive incision range and larger amount of osteotomy, and manipulation of soft tissues. In our study, the postoperative blood loss, transfusion rate, and transfusion volume were greater in the revision group where the mean operation time was longer.

According to Aguilera et al.[@B9], a revision for complicated infection involves greater intraoperative bleeding than primary TKA, and according to Samujh et al.[@B3], it can also result in greater postoperative blood loss.

In the current study, the reduction of Hb count and the transfusion volume were greater in the revision group than the TKA group. When a large quantity of transfusion was required due to excessive bleeding, the group showed a tendency of having much lower systolic blood pressure.

Therefore, in revision of infected TKA, we suggest that the surgeon should pay more attention to the preoperative hemodynamic and hematologic conditions and prepare thorough measures in case of occurrence of postoperative complications.

There have been few studies on the relevance of liver function based on AST/ALT level and the long-term use of antibiotics. In the current study, we compared the AST/ALT level preoperatively and at week 1, 2, and 6 after surgery in all patients. Although the number of patients with abnormally elevated levels of liver enzymes was 4 and 6, respectively, they were normalized on day 10 after surgery. There were some patients who presented with elevated levels, but normalization was confirmed after the use of Hepatotonics. In the revision group, such patients did not have complications such as fulminant hepatitis until up to about 14 days of its use.

The correlation between primary TKA and CRP level has been addressed in many studies[@B12][@B13][@B14][@B15][@B16]. Bilgen et al.[@B12] reported that the level of CRP was elevated to the highest level on day 3 after surgery and was normalized on day 21 after surgery, which was not so different from the results of this study. However, there has been little research on the comparison of CRP level between the TKA group and the revision group.

In case of CRP, statistically significant difference was observed at week 1 after surgery; however, no difference was observed in the mean value from the 2nd postoperative week. Although 20 patients who underwent debridement and revision polyethylene implant arthroplasty were not included in this study due to postoperative acute infection, continuous elevation of CRP was observed in them from the 3rd postoperative week. Therefore, if continuous elevation of CRP is noted even after the 3rd postoperative week, acute infection should be suspected and total knee puncture should be performed.

In this study, MRSA was identified in 4 patients in the revision group; the incidence was relatively low compared to other studies[@B17][@B18]. The proper length of antibiotic treatment for MRSA in the revision group has not been established; however, based on empirical data, antibiotic treatment was performed 2 more days compared to the cases where no bacteria or a different strain was identified.

This study has several limitations. Since it is a retrospective study, it could have resulted in biased sample selection. The power of the test for determining the adequate sample size was not conducted, which could have affected the outcomes of this study if the included number of samples was smaller than necessary. The number of subjects of this study was small. The follow-up period was short and there was no comparison with a group that underwent revision due to causes other than infection (aseptic loosening, etc.). In future studies, analyses of more variables should be conducted.

Conclusions
===========

Postoperative changes in Hb level and CRP, transfusion rate and amount, and blood loss amount by postoperative Hemovac were greater at a statistically significant level in the revision group. Therefore, compared to primary TKA, in revision of infected TKA, more thorough efforts should be made to reduce postoperative complications by identifying preoperative hemodynamic changes and hematologic status and by analyzing and understanding the differences in instantaneous findings after surgery.
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###### Demographics of Primary Total Knee Arthroplasty (TKA) Group and Revision TKA Group
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Exclusion criteria: bilateral TKA, anemia (hemoglobin\<10), coagulation disorder, obesity (body mass index\>30).

DM: diabetes mellitus, pts: patients.

###### Identification of Organisms of Revision Total Knee Arthroplasty

![](ksrr-28-130-i002)

###### Comparison of Rate and Number of Transfusion
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Values are presented as mean±standard deviation or number.

###### Comparison of Operation Time and Hemovac Volume after Operation between Primary Total Knee Arthroplasty (TKA) and Revision TKA
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Values are presented as mean±standard deviation.

^a)^Correlation analysis (Pearson correlation coefficient: primary=0.753, revision=0.712), ^b)^Independent *t*-test.

###### Comparison of Body Fluid between Intraoperative and Operation Day
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Values are presented as mean±standard deviation.
